Temporal resolution and crosstalk of an ultra-high-speed image sensor operating at 1 Gfps are analyzed by using Monte Carlo simulation. An impulse response method is proposed to analyze crosstalk and to cancel large crosstalk involved in output signals of the sensor. The sensor is backside-illuminated (BSI) with multi-collection-gate (MCG) at central area of a pixel on the front side. Signal electrons generated by incident light near the back side travel to the central area of the pixel and are collected by the collection gates. The travel time and the path of a signal electron randomly distribute due to randomness in arriving spot on the backside of the sensor and penetration depth of an incident photon which generates the electron, and in the motion of the generated electron. The travel time is analyzed to define the temporal resolution of the sensor. A collecting gate is defined as one of the collection gates which is supposed to collect all the signal electrons at a certain time interval. However, due to the randomness, some of signal electrons migrate to other collection gates than the collecting gate, resulting in mixture of signal electrons at neighboring collection gates and/or pixels, causing crosstalk in time and space. The proposed impulse method is used to analyze crosstalk when the sensor operating at 1 Gfps. From the analysis, a cancellation method of crosstalk involved in output signals is presented and successfully applied in cancellation of crosstalk in an example of 2 dimensional images. The BSI-MCG image sensor is equipped with multiple collection gates at central area of each pixel on the front side. Incident photons generate signal electrons in the back side layer of the sensor. The signal electrons travel to the central area on the front side and are collected by one of the collection gates at a certain time interval, forming a signal charge. The BSI-MCG image sensor can achieve a frame interval of 1ns. The temporal resolution of the sensor is limited by randomness of the travel time of the signal electrons to a collection gate. A three dimensional Monte Carlo (3D-MC) simulation is applied to analyze the temporal resolution (Section 4.2) .
Introduction
The highest frame rate of image sensors for digital high-speed video cameras has been updated by the authors: 4,500 fps in 1992, 1 Mfps in 2002 , 16 Mfps in 2011 Mfps in 2013 (Etoh et al., 1992 (Etoh et al., , 2002 (Etoh et al., , 2011 Arai et al., 2013) . The cameras with the image sensors have been successfully applied to visualize very high-speed phenomena such as crack propagation and so on (Nguyen et al., 2016) .
Other important achievements in the field include the first practical in-situ storage image sensor (Kosonocky et al., 1996) ; a CMOS ultra-high-speed image sensor with pixel-based storage in the periphery of the chip (Tochigi et al., 2012) and an image sensor with in-situ CCD storage and CMOS readout (Crooks et al., 2013) . Recently, Mochizuki, Kagawa et al. presented a CMOS imager with groups of multiple pixels, each operated with different shuttering patterns, which stores compressed consecutive images. Solving the inverse problem of the compressed image data provided burst images at the frame rate of 200 Mfps (Mochizuki et al, 2015) .
However, user's requirement for higher performance is unlimited. For example, to understand fundamental mechanisms more precisely, focusing on finer critical imaging spots is necessary, which requires much higher frame rate and sensitivity. To achieve the performance, we further proposed a backside-illuminated multi-collection-gate (BSI-MCG) image sensor operating at 1 Gfps . The fundamental performances, especially, the temporal resolution and the crosstalk of the sensor are analyzed by using Monte Carlo simulation. An impulse response method is proposed to analyze crosstalk and to cancel crosstalk involved in output signals of the sensor. Nguyen, Dao, Shimonomura, Kamakura and Etoh, Mechanical Engineering Journal, Vol.3, No.6 (2016) [DOI: 10.1299/mej. A cross-sectional structure and a front-side plane structure of a pixel of the BSI-MCG image sensor are illustrated in Fig.1 and Fig. 2 . A light shield, as shown in Fig. 1a and Fig. 1b , covers the back side of the sensor to limit the light sensitive area of a pixel in which incident light generates signal electrons. Incident light to the light shield is reflected. While the light shield reduces the fill factor (the ratio of the light sensitive area to the total area of the pixel), it is employed to prevent generation of electrons in the pixel boundary area, which causes lower temporal resolution and also larger spatial crosstalk (Section 4.2 and 4.3).
The BSI-MCG
On the back side, a thin p + layer is formed to eliminate the dark current by recombining dark current electrons with the holes filling the layer. The electron path is mostly in a double epitaxial (p -/n -) layers, which is depleted by a negative backside bias voltage. Boron implantation processes create a p-well with a hole at the central area of each pixel. Fig. 3a and 3b show three masks of the processes and the resultant potential profile over the p-well. The depth of the p-well is at 1 µm to 6 µm from the front side.
Phosphorus and arsenic implantation processes create buried CCD memory channels (n + channels) in the p-well.
The memory channels are used to store the image signals inside each pixel during the image capturing operation. Polysilicon gates to control the channel potential are placed on the front side of the pixel as shown in Fig. 2a . At the central area, there are six collection gates (CG) shown as A1 to A6. One storage gate (B gate) is located next to each collection gate to store the signal electrons. Barrier gates (C gates) and transfer gates (D gates) are used to transfer the signal charge packets to the outside of each pixel after an image capturing operation.
The image capturing operation
Incident photons impinge on the back side of the sensor and generate signal electrons in the double epitaxial (p -/n -)
layer. Generation sites of the electrons in the depth direction are exponentially distributed with an absorption rate which depends on wavelength of the incident light. To prevent the rest of the incident light after absorption from migrating into the front side CCD memory channels, the thickness of the sensor is about 30 µm. For this thickness, only 0.1% of the 700 nm incident light reaches the front side. The p -/n -double epi-layer is used to reduce the backside bias voltage and, thus, the dark current. The potential profile of the double epitaxial layer guides the signal electrons to move vertically from the backside to the p-well. The p-well creates a smoothly decreasing potential gradient toward the central area as shown in Fig. 3b . Therefore, the signal electrons move horizontally over the p-well to the central hole, and, then, vertically to the front side as depicted in Fig. 1a . Therefore, the p-well defines the optical pixel area of the sensor, which is surrounded by the dashed line in Fig. 3 and Fig. 1b . Furthermore, the p-well potential also creates an effective barrier to prevent migration of signal electrons to the CCD memory channels under the p-well.
The signal electrons guided to the central area are collected by the collecting gate A6 (Fig. 1a and 2a ), to which a higher voltage is applied. The channel potential of the collecting gate A6 is higher than those of other collection gates. a) b) Fig. 3 a) Three masks for boron implantations to form the p-well b) Smoothly decreasing potential gradient toward the pixel center to guide signal electrons to the p-well hole. The Potential profile also defines the optical pixel area. Nguyen, Dao, Shimonomura, Kamakura and Etoh, Mechanical Engineering Journal, Vol.3, No.6 (2016) [DOI: 10.1299/mej. Since the potential of the storage gate B6 is slightly higher than that of A6, the signal electrons collected by the collecting gate move automatically to the storage gate B6 and accumulate there, forming a signal charge packet. The higher voltage is applied to each of six collection gates in turn with a time interval of 1 ns. Therefore, signal charges are collected and stored in turn at the neighboring storage gates. The image sensor with N collection gates (N>1) enables to capture images N times faster than image sensor with one collection gate (Dao et al., 2014) .
Readout operation and Electronic shutter design
The signal charges are transferred to the outside of the sensor by the readout operation as shown in Fig. 2b . The readout operation starts after the image capturing operation. A couple of signal charges of each pixel are transferred to the corresponding transfer gates, then to outside of the sensor with 3-phase CCD transfer operation, while other signal charges are still stored in each pixel. This process is repeated three times to readout all the signal charges.
An electronic shutter is introduced in the practical design. The electrode A6 is used as a drain gate (DRG). The electrode B6 is replaced by a drain. Therefore, the prototype image sensor has five collection gates and can capture five consecutive images. Before and after the image capturing operation, the higher voltage is applied to the drain gate (Fig.7b) . The signal electrons during these periods are continuously drained off through the drain gate to the outside of the sensor.
A new driver circuit named a ROXNOR circuit was proposed to generate continuous pulses with a very short pulse width of 1ns or less, which comprises a ring oscillator with an XNOR circuit attached to each inverter .
Definitions of Crosstalks and Operations
In a practical image capturing operation, the collecting gate changes in turn at a very short time interval. As explained later, it takes about 1 ns on average for signal electrons generated at the back side layer to travel to the collecting gate on the front side. For example, when the sensor is operated at a time interval of 1 ns, signal electrons generated in a certain time interval at the back side are mostly collected by a collecting gate on the front side at the next time interval. However, some arrive at the collection gate area earlier and some later. They are collected by the previous and the next collecting gates. This causes mixture between signal charges collected by the collection gates to reproduce the consecutive output signals. Therefore, the mixture is temporal crosstalk. Furthermore, some electrons arriving at the same time interval migrate to the collection gates other than the previous, the on-time, or the next collecting gates in the same pixel due to spatial diffusion and a circular geometric setting of the collection gates. The consequence appears also as temporal crosstalk in the consecutive output signals. Due to spatial diffusion, others further migrate to the collection gates in the neighboring pixels, causing spatial crosstalk.
Therefore, the whole crosstalk is classified into three categories as follows. (i) Temporal crosstalk due to temporal diffusion in a pixel, (ii) Temporal crosstalk due to spatial diffusion in a pixel, (iii) Spatial crosstalk due to spatial diffusion among neighboring pixels Therefore, the whole crosstalk relation is expressed with a huge matrix relation of input and output signals to all collection gates of all pixels at all time steps. For practical analyses of the relation, some approximation is necessary to localize the relation in time and space.
For approximation in time domain, "Static operation of the collection gates" is employed, in which, the collecting gate is fixed at one collection gate. Then, the case, "Dynamic operation of the collection gates" is analyzed, in which, a higher voltage is applied to the collection gates in turn at a time interval of 1 ns.
In the static operation analysis, the temporal resolution of the sensor based on the temporal diffusion and the spatial crosstalk due to the spatial diffusion are mainly analyzed (Section 4.2 and 4.3).
In the dynamic operation analysis, a case with a smaller spatial crosstalk is employed and the basic characteristic of the temporal crosstalk is analyzed by neglecting the spatial crosstalk .An impulse response method to estimate the input signal from the output signals with large temporal crosstalk is also proposed and tested (Section 5). In the case, the spatial crosstalk is included in error component in the estimation. For more realistic or accurate analyses, an impulse response relation which locally includes the spatial crosstalk is necessary to be analyzed and modeled. Nguyen, Dao, Shimonomura, Kamakura and Etoh, Mechanical Engineering Journal, Vol.3, No.6 (2016) [DOI: 10.1299/mej.16-00284]
Temporal Resolution and Crosstalk Analyses for Static Operation 4.1 An Example Simulation
To make clear an intuitive image on the process, example trajectories of signal electrons evaluated by a three dimensional Monte Carlo (3D-MC) simulation are shown in Fig. 4a . For the case, the fill factor, the open area of the light shield, is 50%, and the collecting gate is A3. Hereafter, the pixel in which signal electrons are generated is referred to as the "collecting pixel". Light is incident to the light sensitive area of the collecting pixel surrounded by the dashed lines in Fig. 4b . Signal electrons generated inside the light sensitive area travel vertically from the backside toward the front side, then, move horizontally around the p-well and vertically to the central hole of the p-well. A large portion of the electrons (illustrated in red) are collected by the collecting gate A3. However, some electrons are collected by the collection gates adjacent to A3 or the collection gates of the neighboring pixels.
Some electrons (illustrated in green) migrate to the collection gates adjacent to A3 in the collecting pixel, causing temporal crosstalk. Some electrons (illustrated in blue) generated in the collecting pixel migrate to the collection gates of the neighboring pixels, causing spatial crosstalk.
Temporal resolution
The temporal resolution of the BSI-MCG image sensor is limited by travel time distribution of signal electrons from their generation sites to one of the collection gates. The theoretical temporal resolution is about 2σ and the practical one is 4σ, where σ is standard deviation of the travel time .
To evaluate the travel time of signal electrons at the nanosecond time scale, the random motion of electrons is considered. Therefore, the 3D-MC simulator is employed in combination with a device simulator. The simulation conditions are shown in Table 1 . Signal electrons are generated by incident light. Generation sites of signal electrons in the depth direction (z-direction) are exponentially distributed with the absorption rate of the wavelength. Horizontally, the generation sites are uniformly distributed in the light sensitive area limited by the light shield. The travel time with respect to the thickness of the sensor and the light sensitive area of the pixel (or the fill factor) is evaluated. Mean (μ) and standard deviation (σ) of the travel time of the electrons in each case are summarized in Fig. 5 Fig. 4 a) Trajectories of signal electrons from the back side to the front side are evaluated by using 3 dimensional Monte Carlo simulation. b) Spatial distribution of arrival sites on the front side of the signal electrons, shown in Fig.5a . Nguyen, Dao, Shimonomura, Kamakura and Etoh, Mechanical Engineering Journal, Vol.3, No.6 (2016) [DOI: 10.1299/mej. In the case of the 100% fill factor, for the thickness of 28 µm, 18 µm and 8 µm, the travel time decreases from 1.38 ns to 1.17 ns and 0.97ns, respectively. Since the electric field at the optical pixel boundary is zero and weak around the boundary (Fig. 3b) , random motion of electrons along the p-well has a dominant effect on the variation in the travel time. Therefore, variation in the standard deviation with respect to the thickness is rather small. It is 0.66ns, 0.63 ns, and 0.60ns for the thickness of 28µm, 18µm and 8µm, respectively. The theoretical temporal resolution (2σ) of the sensor is about 1.32 ns to 1.20 ns (2x0.66 ns to 2x0.60 ns) without the light shield.
The temporal resolution of 1 ns or less is achievable for the fill factor equal to or less than 50%. For the cases, signal electrons are generated in the central area of the back side distant from the pixel boundary (Fig. 1b) . The temporal resolution (2σ) decreases to 1.00 ns and 0.42 ns (2x0.50 ns to 2x0.21 ns) for the case of 28 µm thickness and 50% fill factor and the case of 8 µm thickness and 25% fill factor, respectively. To compensate the reduced fill factor, a light guide and/or a microlens array can be installed.
Spatial Crosstalk
In the analysis of both spatial and temporal crosstalk, a model comprising eight pixels is used as shown in Fig.6 . Pixel (I) is the collecting pixel and placed at the center of the model. Pixels (II) are pixels each of which has one common edge of the optical boundary with the pixel (I). Pixels (III) are pixels each of which has one common vertex of the optical boundary with the pixel (I). Pixels (IV) are pixels at the corners of the model which has no common part with the optical boundary of the pixel (I). The generation sites of signal electrons in the horizontal back side plane are uniformly distributed inside the light sensitive area of the collecting pixel. The thickness of the sensor is 28 µm. 100,000 signal electrons are generated in the pixel (I). They travel from the back side to the front side, then, are collected by the collection gates of pixel (I) and also neighboring pixels. Table 3 shows percentages of the signal electrons collected by the collection gates of the pixel (I) to (IV) for different fill factors. Percentage of signal electrons generated inside the pixel (I) and collected by the collection gates of the pixel (I) and neighboring pixels. The fill factor is 100%.
As shown in Fig. 6 , without a light shield (the fill factor is 100%), about 72.9% of the signal electrons is correctly collected by the collection gates of the pixel (I). About 24.4% and 2.7% of the signal electrons are collected by the collection gates of the pixels (II) and pixels (III) . No electron is collected by the collection gates of the pixels (IV) at the simulation.
When the fill factor decreases, the spatial crosstalk reduces. For the fill factor 75%, 50%, 25%, the portion of the electrons migrating from the pixel (I) to the pixels (II) is about 18.0%, 10.8%, 4.6%, respectively. The migration from the pixel (I) to the pixels (III) is less than 1.0%.
Crosstalk Analysis for Dynamic Operation 5.1 Impulse response method
In a preliminary analysis of the dynamic operation, a case with smaller spatial crosstalk is selected to analyze fundamental characteristics of the temporal crosstalk of the BSI MCG image sensor operating at 1 Gfps. For the fill factor of 50% and the thickness of 28 µm, the total migration of electrons to all neighboring pixels is 11.3% (Table 3) . The spatial crosstalk component is neglected in the following analyses, which is included in error components in the inverse estimation of the input signals as demonstrated later. Fig. 7 The response functions to analyze the temporal crosstalk Nguyen, Dao, Shimonomura, Kamakura and Etoh, Mechanical Engineering Journal, Vol.3, No.6 (2016) [DOI: 10.1299/mej. An impulse response method is proposed to evaluate the temporal crosstalk by introducing an impulse train of incident light. The impulse train comprises consecutive light impulses with an interval of 125 ps (Fig. 7a) . The light intensity of an impulse is concentrated at "the generation instant", the beginning instant of each interval of 125 ps: the total (integrated) intensity at the generation instant is 1, and otherwise 0. One impulse with the total intensity of 1 comprises 1,000 photons impinging on the open area of the backside surface of the collecting pixel (I). Assuming 100% QE (quantum efficiency; photo-electron conversion rate), 1,000 electrons distributing uniformly on the light sensitive area and exponentially in the depth direction are generated.
The time axis is divided into eight time slots, from TS0 to TS7, with the duration of 1 ns. The driving pulses are applied to the collection gates and the drain gate as shown in Fig. 7b for dynamic operation. The collecting gate is changed from A1 to A5 in turn at TS2 to TS6, respectively. In other time slots (TS0, TS1, and TS7), the drain gate is the collecting gate.
To help intuitive understand of the correspondence of a time slot when signal electrons are generated and a collecting gate which mostly collects electrons generated in the time slot, the numbers attached to the symbols of the operation time slots and the collection gates are shifted such that A"3" is the collecting gate at the time slot TS"4" (see Fig. 7b ). Then A3 mostly collects electrons generated in TS3 (Fig. 7c) .
To analyze the temporal crosstalk, the trajectories of signal electrons generated by each impulse are tracked. Then, the portion of the electrons collected by each of the collection gates of the pixel (I) is calculated. The result is shown in Fig. 7c and 7d .
For example, if the generation instant is 3.5 ns (illustrated by in Fig. 7a and 7c ), the impulse generates 1,000 electrons near the backside of the collecting pixel at 3.5 ns. A2 is the collecting gate at the moment (Fig. 7b) . When most of the electrons reach to the front side after the average travel time of 1.12 ns (see Table 2 for the case of 28 µm thickness and 50% fill factor), the collecting gate has been already changed to A3. Therefore, most of the electrons (76.1%) is collected by the collection gate A3.
The percentage of the electrons generated at the next generation instant, 3.625ns, and collected by A3 slightly decreases to 75.9% (illustrated by ). For the next two generation instants, at 3.75 ns( ) and 3.875ns( ), the percentage collected by A3 further decreases to 68.6% and 61.4%, respectively. Portions of signal electrons collected by A3 are also calculated for earlier and later generation instants. As shown in Fig. 7c , change in the portion forms a "response function" of the collection gate A3 for the impulse train impinging on the collecting pixel.
Portions of signal electrons collected by other collection gates (A1 to A5) and the drain gate of the pixel (I) are also calculated at every generation instant, forming response functions of these collection gates and the drain gate as shown in Fig. 7d . Due to the average travel time, the actual image capturing period is backward shifted from the operation period of the collection gates. It is about 1.12 ns in this case (Fig. 7d) .
Input-output relation of signals with the temporal crosstalk
The input-output relation of the BSI MCG image sensor is explained by using an example input signal. Even before and after the image capturing period, a small portion of generated signal electrons migrates to the collection gates ( Fig.  7c and 7d) . In this preliminary analysis, we assume that the sensor is illuminated only during the image capturing period of 5 ns, approximately from TS1 to TS5. A continuous incident light to the pixel (I) during the image capturing period is illustrated with a solid black curve in Fig. 8a .
The impulse train in Fig. 7a is modulated by the intensity of the incident light shown in Fig. 8a , and transformed to a series of scaled impulses as shown in Fig. 8b . Dot product of the series of the scaled impulses and the response functions of each collection gates (Fig. 8c and Fig. 7d ) produces time series of the number of electrons collected by each collection gate as shown in Fig. 8d .
The output signal charge of collection gate A1, referred to as y 1 , is equal to sum of the output time series of the number of electrons collected by A1 as shown at the most left of Fig. 8d . Four output signal charges of collection gates A2, A3, A4, A5, respectively referred to as y 2 , y 3 , y 4 , y 5 , are also evaluated by the same procedures shown in Fig. 8d .
Basically, original inputs of a system are estimated by inverse estimation from outputs by utilizing prior information on that system. In the BSI-MCG image sensor, response functions of the collection gates characterize the system information between the input signals and the output ones. Therefore, they have to be evaluated before estimation of original input signals. Nguyen, Dao, Shimonomura, Kamakura and Etoh, Mechanical Engineering Journal, Vol.3, No.6 (2016) [DOI: 10.1299/mej.16-00284]
Estimation of the original input signals
Input signals in each 1 ns are captured. Therefore, the modulated input signal shown in Fig. 8b is summed in each time slot of the image capturing period, from TS1 to TS5, and respectively referred to as s 1 to s 5 . Fig. 10 shows the sum of input signals in each 1 ns (blue columns) and the output ones (cyan circles). Due to the temporal crosstalk, they are different.
To confirm the possibility of the inverse estimation, the original input signals (s) are estimated. For further simplification, the response functions of the collection gates ( Fig. 7d and Fig. 8c ) are averaged in each time slot of the image capturing period as shown in Fig. 9 . An average value of the response function of A(i) in the time slot TS(j) are calculated and referred to as a ij . For example, as shown at the most left of Fig. 9 , average values of the response function of A1 in each time slot, from TS1 to TS5, are calculated and referred to as a 11 to a 15 .
Then, an output signal, for example y 1 , is approximated by: y a s + a s + a s + a s + a s 
(1) In the equation (1), while the product a 11 s 1 is the meaningful part of the output signal y 1 , other products, a 1k s k (with k≠1), are temporal crosstalk in the output signal y 1 . The output signals of five collection gates of the pixel (I) are approximated by a matrix formula:
where S 5x1 is the sum of input signals in each 1 ns (s 1 to s 5 ); Y 5x1 is the output signals (y 1 to y 5 ); A 5x5 is a matrix including the relationship between the average input signals and the output signals. The matrix is formed by {a ij }. "i" and "j" are both integer from 1 to 5. "i" is referred to the collection gate while "j" is referred to the time slot. , Dao, Shimonomura, Kamakura and Etoh, Mechanical Engineering Journal, Vol.3, No.6 (2016) [DOI: 10.1299/mej. The inverse of the matrix A is used to estimate the average input signals from the output ones with the temporal crosstalk. Estimated input signals (Ŝ ) is approximated:
(3) Fig.10 shows the result of the inverse estimation. Estimated signals are illustrated by red circles. The estimated signals are closer to input signals than the output ones by compensation of the temporal crosstalk effect. However, it still has an error in the reconstruction method, which is caused by averaging in the evaluation of {a ij }.
An example of reconstruction of original images from the output ones with the temporal crosstalk
The performance of the proposed method is demonstrated in a simulation example, which is reconstruction of 2-dimensional images from the output images with the temporal crosstalk. The resolution of the image is 256 by 256 pixels. Fig. 11a shows a supposed ultra-fast phenomenon which is movement of an imaginary white ball. Speed of the ball is 20 pixels/125ps horizontally and 6 pixels/125ps vertically. The ball is captured by an imaginary camera based on the BSI-MCG image sensor operating at 1Gpfs in the image capturing period of 5 ns. During the period, the ball reflects three times.
Five images are captured by the camera. Therefore, each of them shows the movement of the ball in respective interval of 1 ns in the image capturing period. The first image is reproduced by signal charges of collection gate A1 of all the pixels. Since the signal charges are accumulated in 1 ns, the image shows the movement of the ball in the first interval of 1 ns. Other four images are respectively reproduced by signal charges of collection gates A2 to A5 of all the pixels. Figure 11b shows supposed output images without the crosstalk. In the ideal case, the movement of the ball in every 1 ns distinctively appears as each of the light gray images. As the movement is so fast that the image is blur even if it is taken at 1 ns interval. In the real world, the image should appear as a continuous blurred elongated circle. In the current simulation, however, as the incident light is a series of impulses, the image is clearly composed of eight shifted grey circles. Figure 11c shows output images with the temporal crosstalk. Due to the temporal crosstalk, an output image includes movement of the ball not only in the respective interval of 1 ns but also before and after the interval. Therefore, the movement of the ball in an image with temporal crosstalk is longer with more circles. From the image 2 to the image 4 of Fig. 11c , about 20 circles can be seen. Figure 11d shows the reconstructed images from the output images with crosstalk ( Fig. 11c ) in post processing by using the above method. In comparison with the output images with the temporal crosstalk, the movement of the ball is shorter with fewer circles (about 10 circles). Furthermore, the positions of the circles in the reconstructed images are similar to those in the supposed output image without the temporal crosstalk. Nguyen, Dao, Shimonomura, Kamakura and Etoh, Mechanical Engineering Journal, Vol.3, No.6 (2016) [DOI: 10.1299/mej.16-00284]
Discussions
The analyses are for the test sensor currently under process. Based on the experimental results, the design of the sensor will be improved to reduce the both spatial and temporal crosstalk in actual sensor. Furthermore, during the non-image capturing period, migrating of small portions of signal electrons to the collection gates causes a noise component. It is also necessary to reduce the noise by the design improvements.
For the fill factor is 50%, which is analyzed in this paper, spatial crosstalk is rather small (11.3%) and neglected. However, in the case of 100%, it must be considered (27.1%). Therefore, a model for a localized relation of input signals and output signals with both temporal and spatial crosstalks must be developed to more precisely solve the inverse estimation problem. The results of a preliminary analysis for the case of the 50% fill factor will provide useful prior knowledge for creation of the model.
